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1.0 Introduction 

This report summarizes construction activities undertaken in support of the Wilson Slough 
reconnection project, which was initiated by the Canadian National Railway (CN) in support of 
the Cheakamus River recovery. The objectives of the project were to improve water quality in 
Wilson Slough in order to improve rearing conditions for juvenile fish, and to improve fish 
access between Wilson Slough and Crescent Slough in the Squamish River Estuary (Figure 1-2). 
The project objectives were accomplished by installing a 75 m long culvert to link the two 
channels. In addition, a flap gate was installed on one end of the culvert to control the direction 
of flow between the two waterbodies and an automated slide gate was installed on the other end 
to manage water levels.  

1.1 Background 

The concept of restoring flow and access to channels in the Squamish River Estuary was first 
identified as a restoration strategy in the Squamish Estuary Management Plan (SEMP; Anon. 
1982). The feasibility and implications of diverting water from Crescent Slough to Wilson 
Slough were subsequently investigated in studies completed in 1999 (Binnie, 1999), 2001 
(Hayco, 2001), and 2005 (Hayco, 2005). The most detailed assessments were undertaken in 2005 
by Hay and Company Consultants Inc (Hayco) during preparation of the Mamquam Blind 
Channel Integrated Watershed Management Plan (IWMP; Hayco, 2005). The IWMP assessed 
current water levels in various channels draining into the Mamquam Blind Channel, and 
modelled predicted water levels and flushing capacities under a variety of enhancement scenarios 
such as culvert replacements and channel dredging. While these studies confirmed the feasibility 
of re-watering Wilson Slough and identified suitable water levels, the project was considered too 
expensive and no further project work was completed at that time.   

1.2 Project Setting 

Wilson Slough (Photo 1) is a tidal slough branching west from the Mamquam Blind Channel and 
extending through the residential neighbourhood of Dentville (Figure 1-2). Measured from the 
culvert at Highway 99, Wilson Slough is approximately one kilometre long and varies in width 
from approximately three to ten metres, depending on tides and location. There are four culverts 
along its length at Logger’s Lane, Highway 99, Carson Place and Buckley Avenue (Figure 1-3).  
 
Crescent Slough is a tidal slough extending north from the central channel of the Squamish River 
Estuary (Photo 2) and at its closest approach is approximately 75 m west of Wilson Slough 
(Figure 1-2 and 1-3). At this location the two channels are also separated by three sets of railway 
tracks in the CN Squamish North Rail yard, and by three roads (a paved driveway for an 
apartment complex east of the tracks, a gravel access road within the CN yard and a two-lane 
gravel road (Government Road) west of the tracks. 
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Photo 1. September 26, 2007 – South-east facing view of Wilson Slough prior to the project 
completion (tide height approx. 2.9 m). 
 

 
Photo 2. September 26, 2007 – North facing view of Crescent Slough prior to project completion 
(tide height approx. 2.9 m). 
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2.0 Project Planning and Permitting 

Project planning for the Wilson Slough reconnection project included preparation of culvert 
design drawings, identification of feasible construction techniques and suitable automated valves 
to manage water levels, and environmental permitting. 

2.1 Construction Planning 

Design drawings were prepared by Hayco and finalized in consultation with CN Bridges and 
Structures staff. The project design called for installation of a steel culvert 73.5 metres in length 
with an automated control structure at the west (Crescent Slough) end, and a side opening flap 
gate on the east (Wilson Slough) end of the culvert (Figure 2-1). The automated control structure 
was required to manage water levels in Wilson Slough in accordance with recommendations 
from the Mamquam Blind Channel IWMP (Hayco, 2005). The flap gate was installed to improve 
flushing of Wilson Slough by ensuring water from the Squamish River Estuary would 
subsequently exit to the east through the Mamquam Blind channel. 
 
In order to minimize potential impacts from construction activities an environmental 
management plan was developed to identify suitable mitigation measures. Recommended 
mitigation measures included: 

 Equipment to be in good working order and free of excess grease with no oil/fuel leaks; 

 Spill kits, of sufficient size and capacity reflective of the work being done and on site fuel 
volumes, to be available on site; 

 No fuel to be stored within 25 m of any watercourse; 

 Laydown and construction areas to be delineated in advance in consultation with the 
environmental monitor and the contractor;  

 Isolation of work areas with temporary berms to allow work to be performed in the dry; 

 Use pumps to maintain dry work area and move turbid water to vegetated swales for 
exfiltration;  

 All work involving excavation and concrete on the Crescent Slough side to be performed 
at low tides when the outlet of the pipe was above the water level; and, 

 Construction activities to be monitored by a qualified environmental professional to 
provide recommendations to the contractor on other measures to further avoid and/or 
minimize adverse environmental impacts. 

 
Once the culvert design was complete pre-construction planning was undertaken to: 

 Finalize the culvert location; 

 Identify qualified contractors to supply and install the culvert; 

 Identify qualified contractors to supply the water level control system and flap gate for 
each end of the culvert; and,  

 Identify suitable tides for construction in Crescent Slough. 
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Construction planning also included development of a tentative construction schedule. The 
construction schedule included the following major tasks: 

 Develop site access and prepare laydown/work areas; 

 Excavate augering pit and install steel culvert; 

 Acquire slide gate, flap gate and the automated gate control system; 

 Acquire lock blocks for headwall construction; 

 Install berms for work area isolation; 

 Install lock blocks headwalls around culvert; 

 Install water level monitoring well; 

 Decommission access ramps and install bank protection boulders;  

 Install slide gate, flap gate and the automated gate control system; 

 Install debris screens; and, 

 Set water levels sensors. 
 
During construction planning it was also identified culvert installation and headwall construction 
would require several temporary road closures. These road closures would block access for 
residents of the Edgewater Place Apartment complex, and temporarily close Government Road. 
To minimize disruptions, communication protocols were developed for notifying local residents 
and emergency services about the construction schedule and alternate access routes. After 
consultation with the property owner communication protocols were implemented to provide 
written and verbal communications to the property manager and local emergency services (e.g. 
police, fire, ambulance). In addition, bulletins were posted at the entrance to each apartment 
complex and written notification was provided to other service providers (e.g. Canada Post and 
the local waste disposal company) to inform them of road closures and identify alternative access 
routes. 

2.2 Permitting 

Once project planning was complete, a Coordinated Project Review application was submitted to 
the Squamish Estuary Review Committee (SERC) on August 2, 2007. The SERC is comprised of 
representation from Environment Canada (EC), Fisheries and Oceans Canada (DFO), the District 
of Squamish (DoS) and the Ministry of Environment (MoE). Subsequent communications with 
the SERC identified acceptable work windows for both in-water works (August 16 to February 
28) and vegetation removal with respect to breeding bird season (August 1 to March 31). After 
receipt of the SERC approval, installation of the culvert began in October 2007, followed by 
installation of the control gates and gate control system in early 2008. All instream works were 
completed by mid-February 2008, before the March 1 deadline specified by DFO and the SERC. 
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3.0 Channel Re-connection 

Since the two sides of the project are physically separated from each other by roads and railway 
tracks, construction activities were separated into distinct work areas. An environmental monitor 
(EM) conducted pre-construction meetings with the contractors and was on site for all sensitive 
works (e.g. during work area isolation). In addition, the EM conducted periodic site visits, and 
maintained regular contact with the contractor when works were being conducted in the dry. 
 
The Wilson Slough Reconnection project included six main construction tasks: 

 Site preparation; 

 Augering and culvert installation; 

 Headwall construction; 

 Control gate installation; 

 Site restoration; and, 

 Control gate set-up. 

3.1 Site Preparation 

Site preparation consisted of removing the chain-link fence on the east side of the tracks and a 
limited amount of vegetation removal to facilitate equipment access and material laydown. 
Modular fences were installed to deter public access to work areas and the CN tracks. An 
excavator was used to clear away small brush and to remove root wads.  
 
During the initial excavation for culvert installation, groundwater was encountered on the Wilson 
Slough side of the project area. The surrounding water pressure and infiltration rate caused the 
sidewalls of the excavation to collapse making working conditions unsafe. Therefore, a well 
point dewatering system was installed to lower the water table within the proposed work area. 
The well point dewatering system installed by Canadian Dewatering consisted of approximately 
80 - 1.5 inch diameter PVC pipes forced into the ground by air pressure at 30 cm intervals (Photo 
3). These pipes were linked to a larger steel pipe and a pump to create a vacuum and draw water 
out of the ground.  The water pumped from the site was being filtered through sand as it was 
extracted, and therefore it was clean enough to discharge directly to Wilson Slough without 
causing any noticeable change in water clarity. This system was installed and operated for seven 
days to draw down the local water table before re-excavating the culvert installation pit and 
continuing the construction project. 

3.2 Augering and culvert installation 

Culvert installation was completed by Kamloops Augering (KA) using a horizontal pile driving 
and augering process (Photo 4). Construction commenced on October 2, 2007 and was 
temporarily halted to install the well point dewatering system. Installation of the culvert resumed 
on  October 15 and was completed by  October 27, 2007. 
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Photo 3. October 15, 2007 – The well point dewatering system ran for seven days before work 
could begin to excavate the pit used for culvert installation. 
 

 
Photo 4. October 17, 2007 – Auger pushing a section of steel pipe to the west under the CN 
tracks. Crewmembers are attending to the auger and removing spoil materials. 
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To facilitate culvert installation a large excavation was dug down to below the proposed culvert 
elevation. The augering equipment was then positioned in the excavation and set at the pre-
determined culvert elevation. Ten metre long sections of 1000 mm diameter steel pipe were then 
pushed or driven into the substrate towards Crescent Slough (Photo 4). As the process proceeded 
additional sections of pipe were welded to the preceding section and an auger was used to 
remove material from inside the pipe. When the end of pipe reached its proposed western 
location the augering equipment was turned around and the process was repeated to install a 
short section of pipe towards Wilson Slough. As the installation of each pipe section neared 
completion the remaining 5 meters of substrate inside the pipe was left undisturbed in order to 
form a plug and prevent water from flowing through the pipe until the control gates were 
installed. Once the shorter section of pipe was installed the augering equipment was removed 
and a section of pipe was welded in between to join the two sections.  

3.3 Headwall Construction 

Installation of the headwalls was completed by Sonny’s Excavating and staff from CN Bridges 
and Structures. Headwalls were constructed of pre-fabricated lock blocks and were fitted to the 
round steel culvert with cast in place concrete. Headwall construction began on December 2, 
2007 on the Crescent Slough side of the project and finished on the Wilson Slough side on 
December 21, 2007. 

3.3.1 Crescent Slough/ Estuary  

Headwall construction on the Crescent Slough/estuary side of the project was done in the dry by 
a combination of timing work with low tides and with the use of an isolation berm, made up of 
one cubic metre sandbags filled with pea gravel, around the work area (Photo 5). Although the 
work area was flooded daily during high tides the isolation berm extended the dry working time 
by approximately 1 to 2 hours. Undisturbed estuarine water seeping through the berm was 
pumped directly back into Crescent Slough and groundwater seeping through the work area was 
pumped to a vegetated area where it was allowed to infiltrate through local vegetation before 
flowing into Crescent Slough. Environmental monitors were on site to perform fish salvages 
during dewatering; one fish, a Threespine stickleback (Gasterosteus aculeatus) was recovered 
during the initial dewatering. No fish were observed within the berm during subsequent 
dewatering events over the construction period. 
 
The headwall consisted of concrete lock blocks (dimensions: 750 mm x 750 mm x 1500 mm) 
stacked three blocks deep and five-and-a-half blocks high behind the pipe and parallel to each 
side. The exterior face of each headwall was constructed of sloped half-blocks. In order to 
provide a firm base for the headwall and prevent erosion at the pipe outfall, approximately 60 m3 
of 400 mm to 800 mm riprap was placed under the proposed headwall and the voids were then 
filled in with 19 mm clear crush gravel (Figure 2-1).  
 
The culvert was attached and sealed to the headwall with a plywood form built on-site to fit 
around the culvert and attached to the lock blocks on each side of the pipe (Photo 6). Short 
pieces of rebar (approximately 30 cm long) were welded around the outside circumference of the  
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Photo 5. December 6, 2007 – Sandbag berm installed in Crescent Slough to isolate the work area 
for installation of the headwall. 
 

 
Photo 6. December 12, 2007 – Plastic sheeting placed over the plywood forms to prevent freshly 
poured concrete from interacting with the seawater when the tides rose. 
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pipe to secure the concrete to pipe. Once the form was complete cement was poured into the 
form to fill the voids between the lock blocks and the culvert. The concrete pour took place as 
the tide as dropping to maximize cure time of the concrete before the tide rose to inundate the 
work area. An environmental monitor was on-site to inspect the plywood forms for leakage and 
ensure mitigation measures were implemented to contain uncured concrete. Groundwater 
seeping through the work area was pumped out to a vegetated depression where it could infiltrate 
to the ground. After the concrete pour was complete the forms were covered with sheet plastic to 
provide a barrier between the concrete and the rising tides (Photo 6).  
 
Once the concrete was set the forms were removed, the area behind the concrete was backfilled 
with 19 mm crushed gravel. Placement of lock blocks then proceeded until the final headwall 
elevation was reached, and the area on either side of the headwalls was stabilized with 400 mm 
to 800 mm riprap. 
 
Construction of the headwall also included removal of the sediment plug preventing water flow 
through the culvert. To prevent water from flowing into Wilson Slough prior to installation of the 
slide gate, a rubber bladder was placed inside the culvert to create a temporary seal. The bladder 
was then inflated with air and remained in place until the slide gate was installed. 

3.3.2 Wilson Slough  

To isolate the work area in Wilson Slough, 1 cubic metre sandbags filled with pea gravel were 
placed around the proposed work area. Once the isolation berm was installed two six-inch gas 
powered pumps were used to lower the water level and remove water seeping into the site. Due 
to the soft nature of the underlying substrate several of the sandbags sank into the substrate and 
were subsequently overtopped by water when the tide rose. To increase the height of the berm 
and maintain work area isolation during changing water levels, sand and riprap were placed 
inside and on top of the sand bags to increase the height of the berm (Photo 7). Water from inside 
the work area was pumped away from the slough to a vegetated swale where suspended 
sediments could settle out and water could infiltrate to ground. During the initial dewatering an 
environmental monitor was present to perform a fish salvage within the isolation berm but no 
fish were observed. 
 
Construction techniques for the Wilson Slough headwall were similar to those used on the 
Crescent Slough end of the culvert. However, since the work area was completely isolated by the 
berm, and could be dewatered by pumping, the timing of construction activities was not tide 
dependant. Native material was first removed from below the headwall and inside the pipe. The 
pipe was then sealed with an inflatable rubber bladder and approximately 60 m3 of 400 mm to 
800 mm riprap was placed in the excavation and voids were filled with crushed gravel to create a 
stable base for the headwall (Photo 8; Figure 2-1). Lock blocks were then placed around the 
culvert and a plywood form was constructed to contain cement and fit the rectangular blocks to 
the round culvert. Once the concrete had cured and the forms were removed, placement of lock 
blocks continued until the design elevation was reached. The area behind the lock blocks and 
over the culvert was then backfilled with crushed gravel to provide stability, and the area on 
either side of the lock blocks was stabilized and protected from scour with 400 mm to 800 mm 
riprap. 
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Photo 7. December 17, 2007 – Isolation berm in place and two (2) dewatering pumps operating 
on the Wilson Slough side of the project. 
 

 
Photo 8. December 17, 2007 – After removing native material from around and inside the culvert 
angular rock was placed to create a firm base on which to construct the headwall.  
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3.4  Control Gate Installation 

Control gates were installed on both ends of the culvert in order to manage water levels and 
improve water exchange in Wilson Slough. Installation of gates on both sides of the culvert was 
completed in the dry. In Crescent Slough the slide gate was installed at low tide and in Wilson 
Slough a side opening flap gate was installed concurrent with the installation of the headwall (i.e. 
inside the isolation berm). Both gates were installed by holding the gate in place with an 
excavator and then drilling into the headwall and bolting the gates in place with epoxy.  
 
An Armtec model 20-10C medium duty slide gate was installed on the Crescent Slough side of 
the culvert (Photo 9). This gate can be closed to stop water from flowing through the culvert in 
either direction. On the Wilson Slough side of the culvert a side opening flap gate was installed 
to allow water to flow from the estuary into Wilson Slough but close once the water levels 
equalized or were higher in Wilson Slough than in the estuary (Photo 10). This allows water to 
enter from the central estuary and flow out of Wilson Slough through the Mamquam Blind 
Channel, thereby improving the exchange of water in Wilson Slough during each tide cycle. 
 
After the control gates were installed, metal debris screens were laid on the sloping face and top 
of each headwall and then bolted into place. These screens prevent the entry of debris, which 
could impede the operation of the control gates. The openings in the debris screens are large 
enough to allow juvenile fish passage and larger openings at the bottom of the headwall provide 
passage for larger fish (e.g. adults or fish greater than approximately 20 cm in length) (Photo 11). 
  
Water levels are managed by combined operation of the slide gate and the flap gate. Water levels 
in Wilson Slough are measured by two adjustable sensors located in a monitoring well a few 
metres south of the culvert (Photo 12; Figure 2-1). If the water level in Wilson Slough reaches a 
pre-determined level the high-level sensors send a signal to the pro-controller which then 
activates an electric motor to close the slide gate thereby stopping flow through the culvert. 
When the water level drops 20 cm the low-level sensor activates the motor to open the slide gate. 
A 12 Volt battery back-up system provides electricity in the event of power failure and if 
necessary the slide gate can also be closed or opened manually. 

3.5 Site Restoration 

Site restoration was completed concurrent with each phase of construction. After culvert 
installation was complete the culvert installation pit was filled in and the ground was graded and 
contoured to match the pre-existing slope (approximately 2:1). The chain link fence was then 
replaced to prevent access to the CN tracks and a gate was installed to allow access between the 
monitoring well and the pro-controller for maintenance purposes. Disturbed soils were reseeded 
with a mix of native grass seeds and were covered with straw to prevent soil erosion until grasses 
become established.  
 
Following construction of the headwalls the ground behind the headwalls was filled in and 
contoured with crushed gravel and safety railings were installed around the top of each headwall. 
On the Wilson Slough side, the driveway for the Edgewater Apartments was repaved and on the 
Crescent Slough side, concrete lock blocks were placed along the side of Government Road to 
restrict vehicular access to the site. 
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Photo 9. January 25, 2008 – Armtec model 20-10C medium duty slide gate installed on the 
Crescent Slough/estuary side of the culvert. 
 

 
Photo 10. January 8, 2008 – Installation of the side opening flap gate on the Wilson Slough side 
of the culvert. 
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Photo 11. April 2, 2008 – The debris screens allow juvenile fish passage while preventing debris 
from entering the culvert, and gaps at bottom of the screens provide passage for larger fish. 

 
Photo 12.April 4, 2008 – Water level sensors being installed in the monitoring well in Wilson 
Slough. These adjustable sensors signal the pro-controller to close the slide gate when water 
levels reach a pre-determined elevation, and then open again when the water level drops 20 cm. 
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Following acts of vandalism (i.e. graffiti painting) to the building housing the automated gate 
control system, a chain link fence was installed around the building to deter public access to the 
building. In addition, a metal box was fabricated to protect the slide gate operating motor. 

3.6 Control gate set-up 

Operating water levels for the automated control gate were suggested by DFO based on 
recommendations from R.F. Binnie and Associates (1999) and Hayco (2005). Water level 
monitoring sensors were adjusted to close the slide gate at a geodetic elevation of 1.4 m and re-
open the gate once water levels in Wilson Slough dropped below 1.2 m. Geodetically referenced 
staff gauges were attached to the inside of each headwall to allow for visual monitoring of water 
levels to confirm gate operation. 
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4.0 Discussion 

Following an extensive consultation and planning process, construction and set-up of the Wilson 
Slough re-connection project was completed between October 2007 and May 2008. Periodic 
inspections and consultation between the environmental monitors, the contractor and CN staff 
provided a mechanism to identify project tasks with potential environmental concerns and 
implement suitable mitigation measures to reduce risks. Mitigation measures implemented 
during construction were successful in minimizing sediment mobilization from disturbed areas, 
and no equipment maintenance or fuelling related incidents of concern were identified during the 
project. 
 
Project design drawings had anticipated a culvert length of 73.5 metres was necessary to connect 
Wilson Slough to Crescent Slough. A post construction as-built survey determined the installed 
culvert length was 75.1 meters with a northern offset of 1.23 metres at the Crescent Slough end 
of the project and a 0.30 m (north) offset in Wilson Slough. The final geodetic invert elevation of 
the culvert was –0.147m in Crescent Slough and –0.153m in Wilson Slough.  
 
Since project construction Canadian National Railway Company has turned over operational 
responsibility of the control gates to the District of Squamish. The District of Squamish activated 
the automated control gate on May 26, 2008. The District of Squamish and Fisheries and Oceans 
Canada continue to develop and refine operational protocols for the Wilson Slough re-connection 
project in conjunction with other channel restoration projects in the Mamquam Blind Channel 
watershed.  
 
Periodic post-construction monitoring observations indicate the culvert and control gates are 
functioning to convey water into Wilson Slough. The project has resulted in a noticeable change 
in water quality in Wilson Slough and public feedback and observations to date have not 
identified any concerns about water levels or gate operations. Local residents have also 
expressed positive feedback regarding the improvement of water quality in the slough. Screens 
installed on front of the control gates have been successful in preventing entry of debris that 
might affect gate operation and openings of sufficient size are available around the screens to 
allow juvenile and adult fish passage.  
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